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ANTIVIRAL 2-ETHYL-lH-IMIDAZQ(4,5-C)QUIN0LIN-4-AMINES 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

This invention relates to lH-imidazo[4 ,5-c]- 
quinoline compounds. In other aspects, this invention 
relates to IH-imidazo [4 ,5-c]quinolin-4 -amines, 
intermediates for the preparation of such compounds, 
10 pharmaceutical compositions containing such compounds, 
and pharmacological methods of using such compounds. 
This invention also relates to methods of inducing 
biosynthesis of tumor necrosis factor. 

15 Description of t he Related Art 

The first reliable report of the lH-imidazo- 
[4,5-c]quinoline ring system, Backman et al., J- Org. 
Chem. 15, 1278-1284 (1950), describes the synthesis of 
!- (6-methoxy-_8-quinolinyl) -2-methyl-lH-imidazo [ 4 , 5-c] - 

20 quinoline for possible use as an antimalarial agent. 
Subsequently, syntheses of various substituted 1H- 
imidazo[4,5-c]quinolines have been reported. For 
example, Jain et al., J. Med. Chem. 11, pp. 87-92 
(1968) , has synthesized the compound 

25 i-[2-(4-piperidyl)ethyl]-lH-imidazo[4,5-c]quinoline as 
a possible anticonvulsant and cardiovascular agent. 
Also, Baranov et al., Chem. Abs. 85, 94362 (1976), has 
reported several 2-oxoimidazo[4,5-c]guinolines, and 
Berenyi et al., J. Heterocyclic Chem. 18, 1537-1540 

30 (1981), has reported certain 2-oxoimidazo[4 ,5-c]- 
quinolines. 

Certain antiviral lH-imidazo[4,5-c]quinolin-4- 
amines are described in U.S. Pat. No. 4,689,338 
(Gerster) . These compounds are substituted on the 
35 l-position by alkyl, hydroxyalkyl, acyloxyalkyl, 

benzyl, phenylethyl or substituted phenylethyl, and at 
the 2-position with hydrogen, alkyl, benzyl, or 
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substituted benzyl, phenylethyl or phenyl. 
Furthermore, these compounds ar known to induce 
interferon biosynthesis. Other antiviral 
lH-imidazo[4,5-c]g^inolin-4-amines, substituted on the 
5 i-position by alkenyl substituents , are described in 
U.S. Pat. No. 4,929,624 (Gerster) . 

U.S. Pat. No. 4,698,348 (Gerster) discloses 
lH-imidazo[4,5-c]quinolines that are active as 
bronchodilators, such as 4-substituted lH-imidazo- 

10 [4,5-c]guinolines wherein the 4-substituent is, inter 
alia, hydrogen, chloro, alkylamino, or dialkylamino, 
and the 2-substituent is, inter alia, hydroxyalkyl, 
aminoalkyl, or alkanamidoalkyl. Said patent also 
discloses 3-amino and 3-nitro quinoline intermediates 

15 substituted at the 4-position by hydroxyalkylamino or 
cyclohexylmethylamino, and lH-imidazo [4, 5-c] quinoline 
N-oxide intermediates substituted at the 2-position 
with, inter alia, hydroxyalkyl, aminoalkyl, or 
alkanamidoalkyl. 

20 Tumor necrosis factor (TNF) is an endogenic 

glycoprotein that has the capability to selectively 
destroy tumor cells. For this reason there is 
considerable interest in TNF as a cancer therapeutic 
agent. 

25 Biosynthesis of tumor necrosis factor has been 

induced by immunomodulators such as inter leukin-2 , and 
by catabolic enzymes such as those disclosed in 
European Patent Application 0,421, 023A (Ransberger 
et al. ) . 



30 



nFTATIJED pggrPTPTTON THE INVENTION 
This invention provides compounds of Formula I: 



35 
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KH 




CH 2 CH 3 



wherein R t is 2-methylpropyl or 2-hydroxy-2- 
10 methylpropyl. 

This invention also provides intermediate 
compounds of Formula II: 



15 




CH 2 CH 3 



II 



20 wherein R t is defined above. 

This invention also provides intermediate 
compounds of Formula III: 



25 



OIK 



CE 2 CH 3 



n 



in 



30 wherein Rj is as defined above. 

The compounds of the invention can be prepared as 
set forth in the Examples below. 

A compound of Formula I can be used in the form of 
a free base or it can be used in the form of a 
35 pharmaceutical^ acceptable acid-addition salt such as 
a hydr chl ride, dihydrogen sulfate, trihydrogen 



WO 93/091 19 



- 4 - 

phosphate, hydrogen nitrate, methanesulfonate r a salt 
of another pharmaceutical^ acc ptable acid. A 
pharmac utically acceptable acid-addition salt f a 
compound of Formula I can be prepared by reaction of 
5 the compound with an equimolar amount of a relatively 
strong acid, preferably an inorganic acid such as 
hydrochloric, sulfuric, or phosphoric acid, or an 
organic acid such as methanesulfonic acid, in a polar 
solvent, isolation of the salt is facilitated by the. 

10 addition of a solvent, such as diethyl ether, in which 
the salt is insoluble. 

The compounds of Formula I can be utilized to 
achieve a desired pharmacological effect by 
administration to a patient in an appropriately 

15 formulated pharmaceutical composition. Suitable 

pharmaceutical compositions comprise a pharmaceutical^ 
acceptable carrier and a therapeutically effective 
amount of a compound of Formula I. The amount or 
concentration of a compound of Formula I that 

20 constitutes a therapeutically effective amount will 
depend of course on the particular desired 
pharmacological effect, on the route of administration, 
and on the particular formulation being used. Suitable 
therapeutically effective amounts can be selected by 

25 those skilled in the art. 

Suitable pharmaceutical compositions include those 
suitable for oral, parenteral (including subcutaneous, 
intramuscular, intraperitoneal, and intravenous), 
buccal, rectal, or transdermal administration, or 

30 administration by inhalation. 

Pharmaceutical compositions for oral 
administration .can take the form of tablets, capsules, 
suspensions, solutions, or emulsions. Tablets can 
comprise pharmaceutical^ acceptable excipients such as 

35 dilu nts; binding agents, lubricants, disintegrants, 
flavors, colors, and the like. Liquid preparati ns can 
b prepared by conventional means with pharmaceutically 
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acceptable excipients such as suspending agents, 
emulsifying agents , vehicles , preservatives, col rs, 
sweetening agents, and the like. Compositi ns for ral 
administration can be formulated to give controlled 
5 release of the active compound by use of suitable 
pharmaceutically acceptable polymers. 

Pharmaceutical compositions for parenteral 
administration can take the form of solutions, 
suspensions, or emulsions in aqueous or oily vehicles 
10 and can comprise pharmaceutically acceptable excipients 
such as buffering agents, tonicity adjusters, 
suspending agents, emulsifiers, and the like. 

Pharmaceutical compositions for buccal 
administration can take the form of tablets or 
15 lozenges. Alternatively, the active compound can be 
incorporated into a transmucosal delivery device. 
Transmucosal delivery devices can comprise a backing 
and a matrix containing the active compound, a buccal 
adhesive, and optionally a penetration enhancer. 
20 Pharmaceutical compositions for rectal 

administration can take the form of suppositories 
prepared by combining the active compound with 
conventional suppository bases. 

Pharmaceutical compositions for transdermal 
25 administration can take the form of creams or lotions 
comprising pharmaceutically acceptable excipients such 
as ointment bases, oils, preservatives, emulsifiers, 
skin penetration enhancers, and the like. 
Alternatively, the active compound can be incorporated 
30 into a transdermal delivery device. The transdermal 
delivery device can be in the form of a bandage 
comprising a backing layer, a reservoir containing the 
active compound, optionally with other excipients, 
optionally a' rate controlling membrane, and means for 
35 securing the device to the skin. Alternatively, the 
transdermal delivery device can comprise a backing 
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layer with an adhesive matrix containing the active 
c mpound and optionally one or more excipients. 

Pharmaceutical compositions for administration by 
inhalation can take the form of solutions, suspensions, 
5 or powders that can be delivered by means of a 
pressurized aerosol container or a nebulizer. 

The compounds of Formula I exhibit antiviral 
activity in mammals. They can therefore be used to 
control viral infections. For example, a compound of 

10 Formula I can be used as an agent to control infections 
in mammals caused by Type II Herpes simplex virus. 
Compounds of Formula I can also be used to treat a 
herpes infection by oral, topical, or intraperitoneal 
administration. 

15 The compounds of Formula I were tested and found 

to induce biosynthesis of interferon in human cells. 
The test methods and results are set forth below. 
These results suggest that compounds of the invention 
might be useful in treating other diseases such as 

20 rheumatoid arthritis, warts, eczema, Hepatitis B, 
psoriasis, multiple sclerosis, essential 
thrombocythaemia, cancer such as basal cell carcinoma, 
and other neoplastic diseases. 

The compounds of Formula I have been shown by the 

25 test methods set forth below to induce biosynthesis of 
tumor necrosis factor (TNF) in human cells. Moreover, 
the compounds of Formula I induce TNF biosynthesis when 
administered at lower dose concentrations than 
structurally related compounds of the prior art. Thus 

30 the compounds of Formula I have potential as cancer 
therapeutic agents, e.g., for local (e.g., topical, 
rectal, vaginal) administration or aerosol 
administration . 

In the following Examples, the particular 

35 materials and amounts thereof recited as well as ther 
c nditi ns and details, should not be constru d t 
unduly limit the invention. 
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EXAMPLE 1 

2-Ethyl-l- f 2-methvlpropvl ) -lH-iraidazo r 4 . s -c 1 miinm i 

A 16.55 g (0.077 mol) portion of N*-(2- 
methylpropyl)-3,4-guinolinediamine (U.S. Pat. No. 
5 4,689,338 example 16) was suspended in 100 mL of 
propionic acid and then heated at 120 °C for about 20 
hours. After cooling to room temperature, the reaction 
mixture was poured into 300 mL of water, made basic 
with concentrated ammonium hydroxide, cooled in an ice 
10 bath and then extracted with diethyl ether. The volume 
of the ether extract was reduced under vacuum. The 
resulting precipitate was collected, rinsed with ether 
and dried to provide 11 g of crystalline solid, m.p. 
72-73. 5°C. Analysis: Calculated for C 16 H 19 N 3 : %C, 75.8; 
15 %H, 7.6; %N, 16.6; Pound: %C, 75.6; %H, 7.7; %N, 16.5. 

EXAMPLE 2 

2-Ethvl-l-f2-ine thVlproPvl)-lH-imidagfl- 
r4.5-c1cruinoline 5N 

20 A 9.92 mL portion of peracetic acid was added to a 

solution of 10.65 g (0.042 mol) of 2-ethyl-l- (2- 
methylpropyl)-iH-imidazo[4,5-c]quinoline in 100 mL of 
ethyl acetate. The mixture was heated at reflux for 
about 2 hours and then cooled to room temperature. A 

25 precipitate was collected, rinsed with ethyl acetate 
and dried to provide 4 g of a yellow solid, m.p. 177- 
180°C. This material was used without further 
purification. 

30 EXAMPLE 3 

2-Ethvl-l*f2-Tne thvlpropvl>>iH-imidazo- 
T 4 . S-clgui nolin^-amine 
A 3.7 g (0.014 mol) portion of 2-ethyl-l-(2- 
methylpropyl)-iH-imida2o[4,5-c]guinoline 5N oxide was 
35 suspended in 35 mL of methylene chloride, cooled in an 
ice bath and th n combined with 45 mL of chilled 
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ammonium hydroxide. The resulting two phase mixture was 
stirred vigorously with cooling in an ice bath while a 
solution of 2.87 g (0.015 mol) f tosyl chl ride in 30 
mL of methylene chloride was slowly added. The reaction 
5 mixture was allowed to slowly warm to room temperature 
with stirring. The methylene chloride was evaporated to 
provide an orange solid which was collected, rinsed 
with water and air dried. The solid was then 
recrystallized from methylene chloride containing a 
10 trace of methanol to provide 2.7 g of a white solid, 
m.p. 233-234°C. Analysis: Calculated for CmHjqN*: %C, 
71.6; %H, 7.5; %N, 20.9; Found: %C,. 71.3; %H, 7.3; %N, 
20.6. 

15 EXAMPLE 4 

rr , tf _niTnethvl -2-efchvl-?g-imida20- 
T4 ,5-c1cpiinolin e-»l-ethanol 
A mixture containing 15.4 g (0.067 mol) of l-[(3- 
amino-4-quinolinyl) amino] -2-methyl-2-propanol (U. S . 
20 Pat. No. 4,689,338 example 189) and 14.5 mL (0.07 mol) 
of triethyl orthopropionate was heated at about 165°C 
for about 2 hours. The resulting solid was slurried in 
a mixture of ethyl acetate and ether, collected and 
dried to provide 15.2 g of a solid. This material was 
25 used without further purification. 

EXAMPLE 5 

•>. -Bfchyl-l- f 2 -hvdToxv-2-me fchvlpropyl ) -1H- 
imidazor4-5-clQui noline 5N Oxide 
30 Using the general method of Example 2, 15.2 g of 

a , a-dimethyl-2-ethyl-lH-imidazo [ 4 , 5-c ] guinoline-i- 
ethanol was oxidized to provide 15.2 g of crude N 
oxide. A sample was dissolved in water then 
precipitated by the addition of sodium hydroxide. The 
35 precipitate was collected and dried to provide a solid, 
m.p. 245-250 °C. Analysis: Calculated for C 16 H l9 N 3 02 + %H 2 0: 
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%C, 65.3; %H, 6.8; %N, 14.3; Found: %C, 65.2; %H, 6.4; 
%N, 14.0. 

EXAMPLE 6 

5 4-Amino-a . ct-dimethvl-2-ethvl-lH-imidazo T4 , 5-cl - 

quinoline-l-ethanol 
Using the general method of Example 3 f 14.3 g 
(0.05 mol) of 2-ethyl-l-(2-hydroxy-2-methylpropyl)-lH- 
imidazo[4,5-c]quinoline 5N oxide was aminated to 
10 provide 8.2 g of crude product. This material was 

recrystallized from 60 mL of ethanol to provide 6.4 g 
of solid, m.p. 222-225°C. Analysis: Calculated for 
C l6 H2oN 4 0: %C, 67.6; %H, 7.1; %N, 19.7; Found: %C, 67.6; 
%H, 7.1; %N, 19.7. 

15 

COMPARATIVE EXAMPLE CI 
4 -Amino -or . a ■ 2-trimethvl-lH-imidazo r 4 . 5-c 1 - 
quinoline-l-ethanol 
A mixture containing 1.5 g (0.0056 mol) of l-[ (3- 
20 amino-2-chloro-4-quinolinyl) amino] -2-methyl-2-prqpanql 
(U.S. Pat. No. 4,988,815 example 13), 1.4 g (0.0085 
mol) of triethyl orthoacetate and 4 mL of xylenes was 
heated at 135-14 0°C for 6 hours. The solution was 
evaporated to provide a beige oil comprising 4-chloro- 
25 a, a, 2-triroethyl-lH-imidazo [4 , 5-c ] quinoline-l-ethanol 
which was used without further purification. 

The crude material was combined with 15 mL of 15% 
methanolic ammonia and heated in a steel bomb at about 
150 °C for 7 hours. The reaction mixture was partially 
30 evaporated then diluted with a small amount of water. 
The resulting precipitate was collected, rinsed 
sequentially with methanol, water, then methanol and 
dried to provide 900 mg of crude product. The crude 
product was recrystallized from methanol /methylene 
35 chl ride to provide 500 mg of col rless crystals, m.p. 
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290-293°C. Analysis: Calculated for C^g^O: %C, 66.6; 
%H, 6.7; %N, 20-7; Found: %C, 66.6; %H, 6.7; %N, 20.6. 

COMPARATIVE EXAMPLE C2 
5 2-Methvl-l- f 2-met hylpropyl^ -lH-imidazo T4 . 5-cl - 

gu i no! in-4 -amine 
This compound can be prepared by known methods. 
See for example U.S. Pat. No. 4,689,338 example 113. 

10 COMPARATIVE EXAMPLE C3 

W2-Methvlpropvl> -lH-t midazor4 . 5-c1ouinolin-4-amine 
This compound can be prepared by known methods. 
See for example U.S. Pat. No. 4,689,338 example 99 or 
U.S. Pat. No. 4,988,815 example 10. 

15 

COMPARATIVE EXAMPLE C4 
4 -Amino -a . tt-dimethvl- lH-imidazo- 
r 4 . 5-cl quinoline-l-ethanol 
This compound can be prepared by known methods. 
20 See for example U.S. Pat. No. 4,689,338 example 189. 

The 2-ethyl lH-imidazo[4,5-c]quinolin-4-amines of 
the invention and comparative compounds were tested 
according to the methods set forth below: 

25 

TUMOR NECROSIS FACTOR (a) INDUCTION IN HUMAN CELLS 

This test method is an assay for tumor necrosis 
factor (a) induction in human mononuclear cells in 
culture. Activity is based on the measurement of human 
30 tumor necrosis factor (a) secreted into culture medium. 
Human tumor necrosis factor (a) is measured by 
radioimmunoassay . 

Blood Cell Preparation for Culture 
35 Whole blood is collected by venipuncture into EDTA 

(K 3 ) vacutainer tubes. Peripheral bl d mononuclear 
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cells (PBM's) are prepared by LeucoPREP™ Brand Cell 
Separation Tubes (available from Becton Dickinson 
Labvare, Lincoln Park, NJ) and cultured in RPMI 164 0 
medium (available from GIBCO, Grand Island, NY) 
5 supplemented with 25 mM HEPES (N-2-hydroxyethyl- 
piperazine-N'-2-ethanesulfonic acid) and L-glutamine 
with 1% penicillin-streptomycin solution added) with 
10% autologous serum (heat inactivated, 56°C for 30 
minutes) added. 200 /iL portions of PBM's in medium are 
10 added to 96 well (flat bottom) MicroTest™ III tissue 
culture plates (available from Falcon Plastics, Oxnard, 
CA) . 

Compound Preparation 

15 Test compounds are solubilized in water, ethanol 

'or dimethyl sulfoxide then diluted with distilled 
water, 0.01N sodium hydroxide or 0.01N hydrochloric 
acid (The choice of solvent will depend on the chemical 
characteristics of the compound being tested.) . It is 

20 preferred that the final concentration of ethanol or 
dimethylsulf oxide, if used, does not exceed 1%. 
Compounds are initially tested in a concentration range 
of about 0.5 /xg/mL to about 5 jzg/mL. Compounds which 
show induction at a concentration of 0.5 /xg/mL are then 

25 tested in a concentration range of 0.01 ^g/mL to 0.5 
/ig/mL/. 

Incubation 

The solution of test compound is added in a 
30 predetermined volume (less than or equal to 50 /iL) to 
the wells containing 200 /iL of PBM's in medium. 
Solvent and/or medium is added to control wells (i.e., 
wells containing no test compound) and as needed to the 
test wells in order to adjust the final volume of each 
35 well to 250 /iL. The plates are covered with plastic 
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lids, vortexed gently and then incubated f r 18 hours 
at 37°C with a 5% carbon dioxide atmosphere. 

separation 

5 Following incubation, the plates are covered with 

PARAFUJf" laboratory film and then centrifuged at 1000 
rpm for 15 minutes at 4»C in a Damon IEC Model CRU-5000 
centrifuge. Medium (about 200 iiL) is removed from 4 to 
8 wells and pooled into 2 mL sterile freezing vials. 
10 Samples are maintained at -70 °C until analysis. 

ghi flifyr neernsis factor (a) analysis /calculation 

Tumor necrosis factor (a) is measured using an 
Enzyme Immuno Assay (available from Biosource 

15 International, California) . Results are expressed as 
picograms/mL based on a standard curve conducted for 
each assay. Lipopolysaccharide, a known inducer of 
tumor necrosis factor (a) , is included in each assay 
and is used to provide a comparison of response for 

20 each culture and assay. Lipopolysaccharide has been 
evaluated in this test method over a range 0.01 to 5 
/ig/mL and typically gives a response of 1000 to 3000 
p icograms /mL . 

25 RESULTS 

The compounds of the invention and comparative 
compounds were screened side-by-side in two separate 
assays. The results are shown in Tables 1 and 2. The 
blood used to run the assay of Table 1 was obtained 

30 from a different donor than that used to run the assay 
of Table 2. 
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TABLE 1 

TUMOR NECROSIS FACTOR (a) INDUCTION IN HUMAN CELLS 

TNF (a) (pjcoarams/mL) 
Compound Dose Concentration (/xg/mL) Solvent 



of Example 


0.5 




5.0 




3 


1109 


1519 


1274 


DMSO 


6 


950 


1938 


3740 


DMSO 


CI 


438 


653 


2186 


DMSO 


C2 


617 


849 


1203 


DMSO 


C3 


235 


302 


380 


water 


C4 


671 


295 


607 


water 


LPS 


2580 


2681 


2648 


water 


Control 


90 









15 

TABLE 2 



TUMOR NECROSIS FACTOR (a) INDUCTION IN HUMAN CELLS 

TNF (a.) fpicocxraros/mL) 

Compound Dose concentration (itg/mL) Solvent 



of Example 


0.01 


0.05 


. 0.1 


0.5 




3 


19 


126 


408 


1742 


DMSO 


6 


26 


94 


262 


1554 


DMSO 


CI 


17 


48 


43 


613 


DMSO 


C2 


35 


44 


46 


1076 


DMSO 


C3 


15 " 


51 


39 


53 


water 


C4 


25 


32 


37 


39 


water 


LPS 


1620 


1840 


1812 


1799 


water 


Control 


42 











The results in TABLES 1 and 2 show that the 
compounds of Examples 3 and 6 induce biosynthesis of 
TNF in human cells when administered at lower dose 
concentrations than structurally related compounds of 
35 the prior art. 
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INTERFERON (a) INDUCTION IN HUMAN CELLS 
An in vitro human blood cell system was used to 
assess int rf eron induction by compounds of the 
invention. Activity is based on the measurement of 
5 interferon secreted into culture medium. Interferon is 
measured by bioassay. 

Blnad Cell Preparation for Culture 

Whole blood is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells 
(PBM's) are prepared by LeucoPREP™ Brand Cell 
Separation Tubes (available from Becton Dickinson) and 
cultured in RPMI 1640 medium (available from GIBCO, 
Grand Island, NY) supplemented with 25 mM HEPES (N-2- 
hydroxyethylpiperazine-N'^-ethanesulfonic acid) and L- 
glutamine (1% penicillin-streptomycin solution added) 
with 10% autologous serum (heat inactivated, 56 °C for 
30 minutes) added. 200 jiL portions of PBM's in medium 
are added to 96 well (flat bottom) MicroTest™ HI 
tissue culture plates (available Falcon Plastics) . 

Compound Preparation 

The compounds are solubilized in water, ethanol or 
dimethyl sulfoxide then diluted with distilled water, 
25 0.01N sodium hydroxide or 0.01N hydrochloric acid (The 
choice of solvent will depend on the chemical 
characteristics of the compound being tested. ) . 
Compounds are initially tested in a concentration range 
of from about 0.1 jig/mL to about 5 jig/mL. .Compounds 
30 which show induction at a concentration of 0.5 pg/mL 
are then tested in a concentration range of 0.01 /tg/mL 
to 5.0 /ig/mL/. 



10 



15 



20 



35 



Tneubation 

The solution of test compound is added in a volume 
(less than or equal to 50 iiL) to the wells containing 
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200 fiL of PBM's in medium. Solvent and/or medium is 
added to control veils (i.e., veils containing no test 
compound) and as needed to the test veils in order to 
adjust the final volume of each veil to 250 /xL. The 
5 plates are covered vith plastic lids, vortexed gently 
and then incubated for 24 hours at 37 °C vith a 5% 
carbon dioxide atmosphere. 

Separation 

10 Fol loving incubation, the plates are covered vith 

PARAFILM 1 * laboratory film and then centrifuged at 1000 
rpm for 15 minutes at 4°C in a Damon IEC Model CRU-5000 
centrifuge. Medium (about 175 /iL) is removed from 4 to 
8 veils and pooled into 2 mL sterile freezing vials. 

15 Samples are maintained at -70 °C until analysis. 

Interferon Analysis /Calculation 

Interferon is determined by bioassay using A549 
human lung carcinoma cells challenged vith 

20 encephalomyocarditis. The details of the bioassay 

method have been described by G. L. Brennan and L. H. - 
Kronenberg in "Automated Bioassay of Interferons in 
Micro-test Plates", Biotechniques, June/July; 78, 1983. 
Briefly stated the method is as follovs: interferon 

25 dilutions and A549 cells are incubated at 37 °C for 12 
to 24 hours. The incubated cells are infected vith an 
inoculum of encephalomyocarditis virus. The infected 
cells are incubated for an additional period at 37 °C 
before quantifying for viral cytopathic effect. The 

30 viral cytopathic effect is quantified by staining 

folloved by spectrophotometric absorbance measurements. 
Results are expressed as (a) reference units /mL based 
on the value obtained for NIH HU IF-L standard. The 
interferon vas identified as essentially all interferon 

35 (a) by testing in checkerboard neutralization assays 
against rabbit anti-human interferon (0) and goat anti- 
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human interfer n (a) using A549 cell m nolayers 
challenged with encephalomyocarditis virus. 

RESULTS 

5 Results are shown in Table 3 wherein the absence 

of an entry indicates that the compound was not tested 
at the particular dose concentration. Results 
designated as "<" a certain number indicate that 
interferon was not detectable in amounts above the 
10 lower sensitivity level of the assay. 



TABLE 3 

INTERFERON (a) INDUCTION IN HUMAN-CELLS 
Referenc e mp»gflnT t 



Compound of Dose concentration (pg/mL) 





Example 


0.01 


0.05 


0.1 


0^5 


1.0 


5.0 




3 


37 


1200 


190 


1100 


1000 


640 




6 


4.3 


67 


110 


150 


150 


110 


20 


CI 


4.2* 


406* 619* 


493* 


557* 


557* 




C2 


<1.8 


140 


250 


750 


750 


750 




C3 






10.5* 


340* 


550* 


296* 




C4 






<6.4 


<6.4 


1200 


1200 




♦Average 


of the 


values 


obtained 


in three separate 


25 


assays. 















The results shown in TABLE 3 show that the 
compounds of Examples 3 and 6 induce biosynthesis of 
30 interferon in human cells. 

ANTIVIRAL ACTIVITY IN GUINEA PIGS 
The test methods described below demonstrate the 
ability of compounds of the invention to reduce the 
35 number and severity of lesions develop d by guinea pigs 
infected with Type II H rpes simplex virus. 
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F male Hartley guinea pigs weighing 200 to 250 g 
are anesthetized with methoxyf lurane (available under 
the tradename Metafane from Pitman-Moore, Inc., 
Washington Crossing, NJ) , after which the vaginal area 
5 is swabbed with a dry cotton swab. The guinea pigs are 
then infected intra vaginally with a cotton swab 
saturated with Herpes simplex virus Type II strain 333 
(1 X 10 5 plague forming units/mL) . Guinea pigs are 
assigned to groups of 7 animals; one group for each 

10 treatment and one to serve as a control (vehicle 

treated) . The compounds of the invention are formulated 
in water containing 5% Tween 80 (a polyoxy ethylene 
sorbitan monooleate available from Aldrich Chemical 
Company, Inc., Milwaukee, WI) . The guinea pigs are 

IS treated orally once daily for four consecutive days 
starting 24 hours after infection. 

Antiviral activity is evaluated by comparing 
lesion development in compound treated versus vehicle 
treated guinea pigs. External lesions are scored 4, 7, 

20 8 and 9 days after infection using the following scale: 
0 - no lesion, 1 - redness and swelling, 2 - a few 
small vesicles, 3 - several large vesicles, 4 - large 
ulcers with necrosis and 5 - paralysis. The maximum 
lesion score of each guinea pig is used to calculate 

25 the percentage lesion inhibition. The percentage lesion 
inhibition is calculated as follows: 

Sum of maximum lesions scores of treat group 
100 - X 100 

30 

Stun of maximum lesion scores of vehicle group 



35 



Results are shown in Table 4. 
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TABLE 4 

ANTIVIRAL ACTIVITY IN GUINEA PIGS 



5 


Compound 
of Example 


Dose 
mg/Kg 


% Lesi 
Inhibi.1 




3 


0.3 


56 




3 


0.1 


13 


10 


3 


0.03 


37 




6 


1 


100 




6 


0.5 


100 




6 


0.3 


93 




6 


0.1 


0 


15 


CI 


0.5 


100 




CI 


0.1 


50 




C2 


2 


100 




C3 


3 


96 




C3 


2 


56* 


20 


C3 


1 


14 




C4 


1 


100 



♦Average value from three separate assays 



25 The results in TABLE 4 show that the compounds of 

Examples 3 and 6 reduce the number of lesions developed 
by guinea pigs infected with Type II Herpes simplex 
virus. 
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CLAIMS: 

1. A compound of the formula: 



5 




10 

wherein Rj is 2-methylpropyl or 2-hydroxy-2- 
methylpropyl , or a pharmaceutical^ acceptable acid 
addition salt thereof. 

15 

2. An antiviral pharmaceutical composition 
comprising a compound according to Claim l and a 
pharmaceutically acceptable vehicle, the compound being 
present in an amount effective to inhibit and/or 

20 prevent the progress of a viral infection. 

3. A method of treating a mammal infected with a 
virus, comprising administering to the mammal a 
compound according to Claim 1 in an amount effective to 

25 inhibit and/or prevent the infection. 

4. A method according to Claim 3, wherein the 
virus is Type II Herpes simplex. 

30 5. A method of inducing interferon biosynthesis 

in a mammal, which method comprises administering to 
the mammal a compound according to Claim 1 in an amount 
sufficient to induce interferon biosynthesis. 

35 6. A method of inducing tumor necrosis factor 

biosynth sis in a mammal, which method comprises 
administering to the mammal a compound according to 
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Claim 1 in an amount sufficient t induce tumor 
necr sis factor biosynthesis. 

7. A compound of the formula: 

5 




wherein is 2-methylpropyl or 2-hydroxy-2 
methylpr opyl . 



15 8. A compound of the formula: 




wherein R r is 2-methylpropyl or 2-hydroxy-2- 
methylpropy 1 * 
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DESCRIPTION 

Technical faelfl 

The present invention relates to novel IH-imidazopyridine 
derivatives and their salts, which have a powerful inhibiting 
effect on production of tumor necrosis factor (TNF) and 
interleukin-1 (IL-1) and are useful as drugs for prevention or 
treatment of diseases mediated by cytokines such as TNF and IL-1, 
including human or animal chronic inflammatory diseases (for 
example , rheumatoid arthritis , arthritis deformans, etc.), 
allergic rhinitis, atopic dermatitis , contact dermatitis, asthma f 
sepsis, septic shock, various autoimmune diseases [autoimmune 
blood diseases (for example, hemolytic anemia, hypoplastic anemia, 
idiopathic thrombocytopenia, etc.), autoimmune intestinal diseases 
(for example, ulcerative colitis, Crohn's disease, etc.), 
autoimmune corneitis (for example, keratoconjunctivitis sicca, 
vernal conjunctivitis, etc.), endocrine ophthalmopathy, Graves' 
disease, sarcoidosis, multiple sclerosis, systemic erythematosus, 
polychondritis, scleroderma, active chronic hepatitis, myasthenia 
gravis, psoriasis, interstitial pulmonary fibrosis, etc.], 
diabetes, cancer cachexia and AIDS cachexia. 

Background Art 

Compounds similar to the compounds of the present invention 
exist, including a few compounds having a lH-imidazoquinoline 
skeleton, among which are disclosed l-(2-piperidinoethyl)-lH- 

1 



imidazo[4,5-c]quinoline in J urnal of Medical Chemistry , Vol.11, 
p. 87 (1968) , l-isobutyl-lH-imidazo[4,5-c]quinoline-4-amine (common 
name: imiquimod) as a compound with antiviral action in Kokai 
(Japanese Unexamined Patent Publication) No. 60-123488, and l-(2- 
diethylaminoethyl)-lH-imidazo[4,5-c]quinoline as a compound with 
analgesic /anticonvulsant action in Hungarian Patent Disclosure 
34479 (Patent No. 190109); however, lH-imidazopyridine derivatives 
according to the present invention have been hitherto completely 
unknown. 

According to Journal of Interferon Research, Vol.14, p. 81 
(1994), the aforementioned imiquimod is known to have an inducing 
effect on a number of cytokines such as interferon (IFN) , TNF and 
IL-1, but absolutely no IH-i mi dazopyridine derivatives or 1H- 
imidazoquinoline derivatives have been hitherto known that have a 
production-inhibiting effect on TNF and IL-1, which is the exact 
opposite action from these prior art examples. 

Disclosure of the I nvention 

It is an object of the present invention to provide novel 
compounds with an excellent inhibiting effect on production of 
cytokines such as TNF and IL-1, which are thus useful as drugs. 

As a result of diligent research aimed at achieving this 
object, the present inventors have completed the present invention 
upon the discovery of novel lH-imi dazopyridine derivatives with an 
excellent inhibiting effect on production of TNF and IL-1. 

Specifically, the invention relates to novel 1H- 
imidazopyridine derivatives represented by the following general 
formula (I)s 



where R l represents a hydrogen atom, a hydroxy 1 group, an alkyl 
group with one or more optional substituents , a cycloalkyl group 
with an optional substituent, a styryl group with an optional 
substituent or an aryl group with one or more optional 




(I) 
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a specific substituent. The scope of the inv ntion is not, of 
course, limited to compounds represented by general formula (II), 
and all compounds having saturated nitrogen-containing 
heterocyclic groups that are optionally substituted are naturally 
encompassed within the scope of the invention. 

As examples of alkyl groups represented by R 1 , R 2 and R 4 in 
general formulas (I) and (II) there may be mentioned methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n- 
pentyl, isopentyl, neopentyl and n-hexyl. 

As examples of cycloalkyl groups represented by R 1 there may be 
mentioned cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 
cycloheptyl; as examples of aryl groups represented by R 1 there may 
be mentioned phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 3- 
pyridazinyl, 4-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5- 
pyrimidinyl, pyrazinyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 1- 
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 1-imidazolyl, 2-imidazolyl, 4- 
imidazolyl, 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 2- 
oxazolyl, 4-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2- 
thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-isothiazolyl, 4- 
isothiazolyl, 5-isothiazolyl, 1,2,3-triazol-l-yl, l,2,3-triazol-4- 
yl, l,2,3-triazol-5-yl, 1,2,4-triazol-l-yl, l,2,4-triazol-3-yl, 
l,2,4-triazol-5-yl, 1-tetrazolyl, 5-tetrazolyl, 1,2,5-thiadiazol- 
3-yl, 1-indolyl, 2-indolyl and 3-indolyl. 

As examples of halogen atoms represented by R 2 there may be 
mentioned fluorine, chlorine, bromine and iodine; as examples of 
amino groups with one or two optional substituents represented by 
R 2 there may be mentioned amino, methylamino, ethylamino, n- 
propylamino, isopropylamino, cyclopropylamino, cyclobutylamino, 
cyclopentyl amino, cyclohexylamino, dimethylamino, diethy lamino , 
anilino, pyridylamino, 4-pyridylmethylamino, benzylamino, p- 
me thoxybenzy lamino and dibenzy lamino; as examples of cyclic amino 
groups represented by R 2 there may be mentioned 1-aziridinyl, 1- 
azetidinyl, 1-pyrrolidinyl, piperidino, 1-piperazinyl, hexahydro- 
lH-azepin-l-yl, hexahydro-lH-l,4-diazepin-l-yl, morpholino and 4- 
thiomorpholiny 1 . 

As examples of homocyclic or heterocyclic rings represented 
by the A ring in general formula (I) or (II) there may be 



mentioned benzene , cyclopentene, cyclohexene, cycloheptene, 
cyclooctene, cycloheptadiene, thiophene, fur an, pyridine, pyrazine, 
pyrrole, thiazole, oxazole and azepine; as examples of alkyl 
groups as optional substituents on these homocyclic or 
heterocyclic rings there may be mentioned methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 
isopentyl, neopentyl and n-hexyl; as examples of alkoxy groups as 
optional substituents there may be mentioned methoxy, ethoxy, n- 
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, 
n-pentyloxy, isopentyloxy, neopentyloxy and n-hexyloxy; as 
examples of halogen atoms as optional substituents there may be 
mentioned fluorine, chlorine, bromine and iodine. The number and 
types of such substituents are not particularly restricted, and in 
the case of two or more substituents they may be the same or 
different. 

The saturated nitrogen-containing heterocyclic group 
represented by R 3 in general formula (I) represents a saturated 
nitrogen-containing heterocyclic group having at least one 
nitrogen atom as an annular atom and optionally also having oxygen 
or sulfur as an annular atom, and as examples there may be 
mentioned 1-aziridinyl, 2-aziridinyl, 1-azetidinyl, 2-azetidinyl, 
3-azetidinyl, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 
pyrazolidinyl, imidazolidinyl, piperidino, 2-piperidyl, 3- 
piperidyl, 4-piperidyl, 1-piperazinyl, 2-piperazinyl, hexahydro- 
lH-azepin-l-yl, hexahydro-lH-azepin-2-yl, hexahydro-lH-azepin-3-yl, 
hexahydro-lH-azepin-4-yl, hexahydro-lH-l,4-diazepin-l-yl, 
hexahydr o- 1H- 1 , 4-diazepin- 2 -yl , hexahydro- 1H- 1 , 4 -diazepin-5-y 1 , 
hexahydro-lH-l,4-diazepin-6-yl, 2-morpholinyl, 3-morpholinyl, 
morpholino, 2-thiomorpholinyl, 3-thiomorpholinyl, 4- 
thiomorpholinyl , 3-isoxazolidinyl, 3-isothiazolidinyl, 1,2,3- 
triazolidin-4-yl, l,2,4-triazolidin-3-yl and l,2,5-thiadiazolin-3- 
yl, among which as examples of preferred groups there may be 
mentioned 3-piperidyl, 4-piperidyl, 1-piperazinyl, 2-piperazinyl, 
3-pyrrolidinyl, 2-azetidinyl, 3-a-zetidinyl, 2-morpholinyl and 2- 
thiomorpholinyl . 

As examples of optionally substituted alkanoyl groups 
represented by R 4 in general formula (II) there may be mentioned 



fonnyl, acetyl, propionyl, n-butyryl, isobutyryl, valeryl, 
isovaleryl, pivaloyl, f luoroacety 1 , dif luoroacetyl, 
trif luoroacetyl, chloroacetyl, dichloroacetyl and trichloroacetyl ; 
as examples of alkoxycarbonyl groups represented by R 4 there may be 
mentioned methoxycar bonyl , ethoxycarbonyl, n-propoxycarbonyl, 
isopropoxycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl, sec- 
butoxycarbonyl, tert-butoxycarbonyl, n-pentyloxycarbonyl and n- 
hexyloxycarbonyl; as examples of optionally substituted 
thiocarbamoyl groups represented by R 4 there may be mentioned 
thiocarbamoyl, methylthiocarbamoyl, ethylthiocarbamoyl, n- 
propylthiocarbamoyl, isopropylthiocarbamoyl r n-butylthiocarbamoyl , 
isobutylthiocarbamoyl, sec -butyl thiocarbamoyl and tert- 
butyl thiocarbamoyl; as examples of alkanesulfonyl groups 
represented by R 4 there may be mentioned methanesulfonyl, 
ethanesulfonyl, n-propanesulfonyl and n-butanesulf onyl. 

Throughout the present specification f the substituted/bonded 
sites of the "aryl groups w , "homocyclic or heterocyclic rings" and 
"saturated nitrogen-containing heterocyclic groups" will include 
the substitutable or bondable groups at any position so long as 
they are elements of the annular structure that can be substituted 
or bonded, unless the substituted/bonded site is particularly 
specified as in some of the above examples. 

When a functional group "has an optional substituent" in 
general formula (I) or (II) of the invention it may be any group 
that can substitute on such a group, the number and types of 
substituents having no particular restrictions, and in the case of 
two or more substituents they may be the same or different. As 
examples there may be mentioned halogen atoms such as fluorine, 
chlorine and bromine; hydroxyl; alkyl groups such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n- 
pentyl, isopentyl, neopentyl and n-hexyl; aryl groups such as 
trifluoromethyl, phenyl, naphthyl and pyridyl; alkoxy groups such 
as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, 
sec-butoxy and tert-butoxy; aryloxy groups such as phenoxy; 
optionally substituted amino groups such as amino, methylainino, 
ethylamino, n-propylamino, isopropylamino, cyclopropylamino , 
cyclobutylamino, cyclopentylamino, cyclohexylamino, dime thy lam i no , 



diethylamin , anilino, pyridylamino, benzylamino, dibenzylamino, 
acetylamino, trifluoroacetylamino, tert-butoxycarbonylamino, 
benzyloxycarbonylamino, benzhydrylamino and triphenylmethylamino; 
alkanoyl groups such as formyl, acetyl , propionyl, n-butyryl, 
isobutyryl f valeryl, isovaleryl, pivaloyl, f luoroacetyl, 
dif luoroacetyl, trif luoroacetyl, chloroacetyl, dichloroacetyl and 
trichloroacetyl; alkoxycarbonyl groups such as methoxycarbonyl , 
ethoxycarbonyl, n-propoxycarbonyl , isopropoxycarbonyl , n- 
butoxycarbonyl , isobutoxycarbonyl , sec-butoxycarbonyl, tert- 
butoxycarbonyl, n-pentyloxycarbonyl and n-hexyloxycarbonyl; 
alkylcarbamoyl groups such as benzyloxycarbonyl, carbamoyl, 
methylcarbamoyl, ethylcarbamoyl, n-propylcarbamoyl , 
isopropylcarbamoyl, n-butylcarbamoyl, isobutylcarbamoyl, sec- 
butylcarbamoyl and tert-butylcarbamoyl; alkylthiocarbamoyl groups 
such as thiocarbamoyl, methylthiocarbamoyl f ethylthiocarbamoyl , n- 
propylthiocarbamoyl, isopropylthiocarbamoyl, n-butylthiocarbamoy 1 , 
isobutylthiocarbamoyl, sec-butylthiocarbamoyl and tert- 
butylthiocarbamoyl; amidino groups; alkylthio groups such as 
methylthio; alkanesulf inyl groups such as methanesulfinyl; 
alkanesulfonyl groups such as methanesulfonyl, ethanesulfonyl, n- 
propanesulfonyl and n-butanesulf onyl; arylsulfonyl groups such as 
p-toluenesulfonyl, p-methoxybenzenesulfonyl and p- 
fluorobenzenesulfonyl; aralkyl groups such as benzyl, naphthyl, 
pyridylmethyl, furfuryl and triphenylmethyl; nitro groups; cyano 
groups; sulfamoyl groups; oxo groups; alkoxyimino groups such as 
hydroxy imino, methoxyimino , ethoxy imino , n-propoxy imino and 
isopropoxyimino; ethylenedioxy groups, and the like. 

The compounds represented by general formulas (I) and (II) of 
the invention may, if desired, may be converted to salts and 
preferably pharmacologically acceptable salts, and they may also 
be dissociated from the bases of the resulting salts. 

As salts, preferably pharmacologically acceptable salts, of 
the compounds represented by general formulas (I) and (II) of the 
invention there may be mentioned acid addition salts, examples of 
which include mineral acid salts of hydrochloric acid, hydrobromic 
acid, hydroiodic acid, nitric acid, sulfuric acid and phosphoric 
acid, and organic acid salts of acetic acid, propanoic acid, 
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butyric acid, formic acid, valeric acid, maleic acid, fu marie acid, 
citric acid, oxalic acid, malic acid, succinic acid, lactic acid, 
methanes ulfonic acid, ethanesulf onic acid, benzenesulfonic acid, 
p-toluenesulfonic acid, mandelic acid, 10-camphorsulfonic acid, 
tartaric acid, stearic acid, gluconic acid, nicotinic acid, 
trifluoroacetic acid and benzoic acid. 

Compounds with asymmetric carbons among the compounds 
represented by general formulas (I) and (II) of the invention may 
exist as optical isomers, and these optical isomers and their 
mixtures are also encompassed by the present invention. 

The compounds and their salts represented by general formulas 
(I) and (II) of the invention may exist in any desired crystal 
form depending on the production conditions, or they miay exist in 
any desired hydrated or solvated form, and these crystal forms or 
hydrated or solvated forms and their mixtures are also within the 
scope of the invention. 

As examples of preferred compounds of the invention there may 
be mentioned the following compounds and their salts, although the 
invention is in no way limited to these. 

( 1 ) 4-chloro-l- [ 2- ( 4 -piper idyl ) ethyl ] - IH-imidazo [ 4 , 5-c ] quinoline 

( 2 ) 4 , 8-dichloro-l- [ 2- (4-piperidyl ) ethyl ] -IH-imidazo [4,5- 
c] quinoline 

( 3 ) 4-chloro-8-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -IH-imidazo [ 4 , 5- 
c] quinoline 

( 4 ) 4-chloro-8-methoxy-l- [ 2- ( 4-piperidyl ) ethyl ] -IH-imidazo [ 4,5- 
c] quinoline 

( 5 ) 4-chloro-2-phenyl-l- [ 2- ( 4-piperidyl ) ethyl ] -IH-imidazo [ 4 , 5- 
c] quinoline 

( 6 ) 4 , 8-dichloro-2-phenyl-l- [ 2- ( 4-piperidyl ) ethyl ] -IH-imidazo [4,5- 
c] quinoline 

(7 ) 4-chloro-8-methyl-2-phenyl-l-[ 2- (4-piperidyl) ethyl] -IH- 
imidazo [ 4 , 5-c ] quinoline 

(8 ) 4-chloro-8-methoxy-2-phenyl-l-[ 2- (4-piperidyl ) ethyl ]-lH- 
imidazo [ 4 , 5-c ] quinoline 

( 9 ) 4-chloro-l- [ 2- ( 4-piperidyl ) ethyl ] -2-trif luoromethyl-lH- 
imidazo [ 4 , 5-c ] quinoline 

( 10 ) 4 , 8-dichloro-l- [ 2- ( 4-piperidyl ) ethyl ] -2-trif luoromethyl-lH- 
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imidazo [ 4 , 5-c ] quinoline 

(11) 4-chloro-8-methyl-l-[2-(4-piperidyl)ethyl]-2-trif luoromethyl- 
lH-imidazo [ 4 , 5-c ]quino!ine 

(12) 4-chloro-8-methoxy-l- [ 2- ( 4-piperidyl ) ethyl ] -2- 
trif luoromethyl-lH-imidazo [ 4 , 5-c ]quinoline 

( 13 ) 4-chloro-2- ( 4-methylphenyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

(14) 4 -chloro-2- ( 4-methoxyphenyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

( 15 ) 4-chloro-2- ( 4-f luorophenyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

(16) 4-chloro-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 4- 
trif luoromethy Iphenyl ) -lH-imidazo [ 4 , 5-c ] quinoline 

(17) 4-chloro-2- ( 2-furyl )-l-[2-( 4-piperidyl ) ethyl ] -lH-imidazo [4,5- 
c] quinoline 

(18) 4-chloro-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 2-thienyl ) -1H- 
imidazo [ 4 , 5-c ] quinoline 

(19) 4 -chloro-2- ( 2-imidazolyl )-l-[2-( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

(20) 4-chloro-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 2-thiazolyl ) -1H- 
imidazo [ 4 , 5-c ] quinoline 

(21) 4-chloro-2- ( 5-methyl-2-thienyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

( 22 ) 4-chloro-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 2-pyrrolyl ) -1H- 
imidazo [ 4 , 5-c ] quinoline 

(23) 4-methyl-2-phenyl-l- [ 2- ( 4-piperidyl ) ethyl ] -lH-imidazo [ 4 , 5- 
c ] quinoline 

(24) 2- ( 4-f luorophenyl ) -4-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

(25) 4-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 4- 

tr if luoromethy Iphenyl ) -lH-imidazo [ 4 , 5-c ] quinoline 

(26) 2- ( 2-furyl ) -4-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -lH-imidazo [4,5- 
c] quinoline 

(27) 4-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 2-thienyl ) -1H- 
imidazo [ 4 , 5-c ] quinoline 

(28) 2- ( 2-imidazolyl ) -4-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 
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( 29 ) 4-methyl-l- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 2-thiazolyl ) -1H- 
imidazo [ 4 , 5-c ] quinoline 

( 30 ) 4-methyl-2- ( 3-methyl-2-thienyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo[ 4 , 5-c ] quinoline 

(31) 4-methyl-2- ( 5-methyl-2-thienyl ) -1- [ 2- ( 4 -piperidyl ) ethyl ] - 1H- 
imidazo [ 4 , 5-c ] quinoline 

( 32 ) 4-methyl- 1- [ 2- ( 4-piperidyl ) ethyl ] -2- ( 2-pyrrolyl ) -1H- 
imidazo [ 4 , 5-c ] quinoline 

(33) 4 -methyl-2- ( l-methyl-2-pyrrolyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

( 34 ) 4-chloro-6 , 7 , 8 , 9 -tetrahydro-2 -phenyl- 1 - [ 2 - ( 4- 
piperidy 1 ) ethyl ] -lH-imidazo [ 4 , 5-c ] quinoline 

( 35 ) 4-chloro-6 , 7-dihydro-2-phenyl-l-[ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 5 , 4-d ] cyclopenta [ b ] pyridine 

(36) 4-chloro-2-phenyl-l- [ 2- ( 4-piperidyl ) ethyl ] -lH-imidazo [5,4- 
d ] thieno [ 3 , 2-b ] pyridine 

( 37 ) 4-chloro-2-phenyl-l- [ 2- ( 3-piperidyl ) ethyl ] -lH-imidazo [ 4 , 5- 
c] quinoline 

( 38 ) 4-chloro-l- [ 2- ( 2-morpholinyl ) ethyl ] -2-phenyl-lH-imidazo [ 4 , 5- 
c] quinoline 

( 39 ) 4-chloro-2-phenyl-l- [ 2- ( 1-piperazinyl ) ethyl ] -lH-imidazo [4,5- 
c] quinoline 

(40) 4,6,7,8,9 -pentachloro-2-ethoxymethyl-l- [ 2- ( 4- 
thiomorpholiny 1 ) ethyl ] -lH-imidazo [ 4 , 5-c ] quinoline 

(41) 4-chloro-6 ,7,8, 9-tetrahydro-2-hydroxymethyl-l- [ 2- ( 1- 
piper azinyl ) ethyl ] - lH-imidazo [ 5 , 4 -d ] cy clohepta [ b ] pyridine 

( 42 ) 4-chloro-2- ( 3-methyl-2-thienyl ) -1- [ 2- ( 4-piperidyl ) ethyl ] -1H- 
imidazo [ 4 , 5-c ] quinoline 

The novel IH-imidazopyridine derivatives represented by 
general formulas (I) and (II) of the invention may be produced by 
various different processes, and the production processes for the 
invention compounds are not limited to any particular processes. 
The production processes described below are explained in detail 
for compounds represented by general formula (I), but it is self- 
evident that compounds represented by general formula (II) may 
also be produced by these production processes . 

As a first synthesis process for the invention compounds, th 
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following synthesis process may be used as disclosed in Kokai 
(Japanese Unexamined Patent Publication) N . 3-206078 or in 
Tetrahedron, Vol.51, p. 5813 (1995). 




Step 1 




Step 2 




am 



av) 



(V) 




Step 3 



(VD 



where R 3 represents hydroxyl or an alkyl group; R 6 represents 
chlorine or an alkyl group; R 1 ' has the same definition as R l above 
(but is not hydroxyl), and R 3 , m and the A ring are as defined 
above . 

Specifically, in step 1, a compound represented by general 
formula (III) may be reacted with a nitrating agent such as 
concentrated nitric acid or fuming nitric acid in the presence or 
in the absence of acetic acid, sulfuric acid or the like, at a 
temperature between 0°C and 200°C, to obtain a compound of general 
formula (IV). 

In step 2, the compound of general formula (IV) may be reacted 
with an appropriate chlorinating agent, such as phosphorus 
oxychloride, thionyl chloride, phosgene, oxalyl chloride or 
phosphorus pentachloride in the presence or in the absence of a 
solvent such as toluene, at a temperature between 0°C and 200 °C, 
to obtain a compound of general formula (V) . 

In step 3, the compound of general formula (V) may be reacted 
with an amine represented by general formula (VI) in a solvent 
such as N,N-dimethylformamide or toluene in the presence or in the 
absence f a base such as triethylamine or potassium carbonate, at 
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a temperature from -10°C to the reflux temperature of the solvent, 
to obtain a compound of general formula (VII). 

In step 4, the nitro group of the compound of general formula 
(VII) may be reduced by an appropriate reduction method, for 
example, catalytic reduction using a metal catalyst such as 
platinum, Raney nickel or palladium carbon, a reduction method 
using nickel chloride or sodium borohydride, or a reduction method 
using iron powder and hydrochloric acid, to obtain a compound of 
general formula (VIII). 

The reduction reaction may be carried out in a solvent such as 
water, methanol, ethanol, tetrahydrofuran or a mixed solvent 
thereof, at a temperature from 0°C to the reflux temperature of 
the solvent. 

In step 5, the compound of general formula (VIII) may be 
reacted with a compound represented by one of the following 
general formulas (XI), (XII) or (XIII): 

R 1 'C(OR) 3 (XI) 

R r COX (XII) 

(R^COJjO (XIII) 
where R represents a lower alkyl group, X represents a halogen 
atom and R 1 ' has the same definition as R 1 above (but is not 
hydroxy 1 ) , 

in the presence or in the absence of a basic catalyst such as 
triethylamine or an acid catalyst such as hydrochloric acid or p- 
toluenesulfonic acid, and in the presence or in the absence of a 
solvent such as N,N-dimethylformamide, tetrahydrofuran, 
acetonitrile, xylene or toluene, at a temperature from 0°C to 
200°C, to obtain a compound of general formula (IX). 

As an alternative to step 5, in step 6 the compound of general 
formula (VIII) may be reacted with a compound represented by the 
following general formula (XIV); 

R r CHO (XIV) 
where R 1 ' has the same definition as R 1 above (but is not hydroxyl), 
in the presence of 2,3-dichloro-5,6-dicyano-l,4-benzoquinone in a 
solvent such as acetonitrile, 1,4-dioxane or tetrahydrofuran, at a 
temperature from 0°C to the reflux temperature of the solvent, to 
obtain a compound of general formula (IX). 
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As a further alternative t step 5 or step 6, in step 7 the 
compound of general formula (VIII) may be reacted with a c mpound 
represented by the following general formula (XV): 



where R 1 ' has the same definition as R 1 above (but is not hydroxyl), 
in the presence or in the absence of an acid catalyst such as 
hydrochloric acid or sulfuric acid f and in the presence or in the 
absence of a solvent such as N f N-dimethylformamide or toluene, at 
a temperature from 0°C to 200°C, to obtain a compound of general 
formula (X); when R 3 in general formula (X) is hydroxyl, the 
compound of general formula (IX) may be obtained by chlorination 
in step 8. 

The chlorination reaction may be carried out by first, if 
necessary, protecting the compound of general formula (X) at the 
nitrogen atoms not bonded to the (CH 2 ) a group adjacent to the 
saturated nitrogen-containing heterocyclic group represented by R 3 
by a common method with a protecting group such as an alkanoyl 
group, and then using an appropriate chlorinating agent, such as 
phosphorus oxy chloride, thionyl chloride, phosgene, oxalyl 
chloride or phosphorus pentachloride for reaction in the presence 
or in the absence of a solvent such as toluene, at a temperature 
between 0°C and 200°C, and subsequently deprotecting by a common 
method if necessary, to obtain a compound of general formula (IX) 
wherein R 6 is a chlorine atom. 

As a second synthesis process for the invention compounds, the 
compound of general formula (VIII) may be reacted with triphosgene 
in the presence of a base such as triethylamine or potassium 
carbonate, in a solvent such as 1,2-dichloroethane, 1,4-dioxane, 
tetrahydrofuran, N,N-dimethylf ormamide or toluene, at a 
temperature from 0°C to the reflux temperature of the solvent, to 
obtain a compound of general formula (XVI). 



R r COOH 



(XV) 




(XVI) 



where R 3 , R tf , m and the A ring are as defined above. 
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As a third synthesis process for the invention compounds , a 
compound of general formula (IX) having a methylthio-substituted 
aryl group as the R 1 ' substituent may be subjected t an 
appropriate oxidation reaction, if necessary after protecting the 
nitrogen atoms not bonded to the (CH 2 ) m group adjacent to the 
saturated nitrogen-containing heterocyclic group represented by R 3 
by a common method with a protecting group such as an alkanoyl 
group, in which case it is subsequently deprotected by a common 
method, to obtain a compound represented by general formula (XVII) 



where Z represents an aromatic ring, a represents an integer of 1 
or 2, and R 3 , R 6 , m and the A ring are as defined above. 

The oxidation reaction may be carried out by any of various 
methods, depending on the target compound. Specifically, when a 
is an integer of 1, an oxidizing agent such as chromic acid, 
hydrogen peroxide, m-chloroperoxybenzoic acid, sodium periodate or 
potassium periodate may be used, and when a is an integer of 2, an 
oxidizing agent such as chromic acid, hydrogen peroxide, m- 
chloroperoxybenzoic acid, osmium tetraoxide or ruthenium 
tetraoxide may be used, for reaction in tetrahydrofuran, 1,4- 
dioxane, 1,2-dichloroethane, methanol, acetone or water, or a 
mixed solvent thereof, at a temperature from 0°C to the reflux 
temperature of the solvent. 

As a fourth synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 2 is a chlorine atom may 
be reacted using water or an appropriate acid or base in a solvent 
at a temperature from 0°C to the reflux temperature of the solvent, 
to obtain a compound of general formula (I) wherein R 2 is hydroxyl. 
As examples of appropriate acids there may be mentioned organic 
acids such as formic acid, acetic acid or trifluoroacetic acid and 
mineral acids such as hydrochloric acid, sulfuric acid and 
hydrobromic acid; as examples of appropriate bases there may be 




(XVII) 
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mentioned hydroxides, carbonates and bicarbonates of alkali metals 
such as sodium and potassium or alkaline earth metals such as 
magnesium and calcium; and as examples of solvents there may be 
mentioned alcohols such as methanol, ethanol and n-propanol, 
solvents such as N,N-dimethylformamide, 1,4-dioxane and 
tetrahydrofuran, or aqueous solvents containing them. 

As a fifth synthesis process for the invention compounds, a 
compound obtained by reacting a compound of general formula (I) 
wherein R 2 is a chlorine atom and R l is R 1 *, or a compound of 
general formula (I) wherein R 2 is hydroxyl and R l is R 1 ' with 
trifluoromethanesulfonic anhydride, methanesulfonyl chloride or p- 
toluenesulfonyl chloride, may be reacted with a metal halide (for 
example, potassium fluoride, sodium fluoride, lithium fluoride, 
potassium bromide, sodium bromide, potassium iodide or sodium 
iodide) in a polar aprotic solvent such as dimethylsulf oxide, N,N- 
dimethylformamide or acetonitrile , in the presence or in the 
absence of a phase-transfer catalyst such as 
tetraphenylphosphonium bromide, hexadecyltributylphosphonium 
bromide or 18-crown-6 and at a temperature from 0°C to the reflux 
temperature of the solvent, to obtain a compound of general 
formula (I) wherein R 2 is a fluorine atom, bromine atom or iodine 
atom and R 1 is R r . 

As a sixth synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 3 is a saturated nitrogen- 
containing heterocyclic group having a protecting group such as an 
alkanoyl, alkoxycarbonyl, benzyl or trifluoromethyl group on a 
nitrogen atom not bonded to the adjacent (CH 2 ) a group, is subjected 
to deprotecting reaction using an acid or alkali or to catalytic 
reduction reaction using a metal catalyst, depending on the type 
of protecting groups on the nitrogen atoms, to obtain a compound 
of general formula (I) wherein R 3 is a saturated nitrogen- 
containing heterocyclic group which is deprotected at a nitrogen 
atom not bonded to the adjacent (CH 2 ) m group. 

The deprotecting reaction using an acid or alkali may be 
carried out by using an appropriate acid or base for reaction in a 
solvent in the presence or in the absence of a cation scavenger 
such as anisole or thioanisole. As examples of solvents to be 
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used there may be mentioned ethyl acetate, methylene chloride, 
1, 2-dichloroethane, 1,4-dioxane, methanol, ethanol, n-propanol, 
N,N-dimethylformamide, tetrahydrof uran , water or mixed solvents 
thereof; as examples of acids to be used there may be mentioned 
hydrochloric acid, hydrogen chloride/ethyl acetate solution, 
hydrogen chloride /ethanol solution, sulfuric acid, hydrobromic 
acid, trifluoroacetic acid, methane sulfonic acid, p- 
toluenesulfonic acid, formic acid and acetic acid; and as examples 
of bases to be used there may be mentioned hydroxides, carbonates 
and bicarbonates of alkali metals such as sodium and potassium or 
alkaline earth metals such as magnesium and calcium; the reaction 
may be conducted at a temperature from 0°C to the reflux 
temperature of the solvent. 

The catalytic reduction reaction may be carried out using an 
appropriate metal catalyst such as platinum, palladium carbon, 
Raney nickel or Perlman's reagent, in water, an alcohol such as 
methanol, ethanol or n-propanol, acetic acid, or a mixed solvent 
thereof, in the presence or in the absence of an acid such as 
hydrochloric acid, at from room temperature to the reflux 
temperature of the solvent and under a pressure of from ordinary 
pressure to 200 kg/cm 2 . 

As a seventh synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 2 is a chlorine atom may 
be reacted with an optionally substituted phenol derivative in the 
presence of a base such as sodium hydroxide or potassium hydroxide, 
and in the presence or in the absence of a solvent such as N,N- 
dimethylformamide or toluene, at a temperature from 0°C to 200°C, 
to obtain a compound of general formula (I) wherein R 2 is an 
optionally substituted phenoxy group. 

As an eighth synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 2 is an optionally 
substituted phenoxy group obtained by the seventh synthesis 
process may be reacted with ammonium acetate in the presence or in 
the absence of a solvent such as N , N-dimethy If ormanri de or toluene, 
at a temperature from 0°C to 200°C, to obtain a compound of 
general formula (I) wherein R 2 is an amino group. 

As a ninth synthesis process for the invention compounds, a 
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compound of general formula (I) wherein R 2 is a chlorine atom may 
be reacted with an amine derivative having one or two optional 
substituents or a cyclic amine derivative having an optional 
substituent, in the presence or in the absence of a base such as 
triethylamine, potassium carbonate or sodium hydroxide and in the 
presence or in the absence of a solvent such as water, an alcohol 
such as methanol, ethanol or n-propanol, methylene chloride, 1,2- 
dichloroethane , N,N-dimethylformamide, 1,4-dioxane, 
tetrahydrofuran or toluene, at a temperature from 0°C to 200°C and 
under ordinary pressure or under pressurization, to obtain a 
compound of general formula (I) wherein R 2 is an amino group with 
one or two optional substituents or a cyclic amino group with an 
optional substituent. 

As a tenth synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 2 is a benzylamino, 
dibenzylamino or p-methoxybenzylamino group, obtained by the ninth 
synthesis process, is subjected to catalytic reduction using an 
appropriate metal catalyst, or a compound wherein R 2 is p- 
methoxybenzylamino is subjected to deprotecting reaction using an 
acid, to obtain a compound of general formula (I) wherein R 2 is an 
amino group. 

The catalytic reduction reaction may be carried out at 
ordinary pressure or under pressurization, in an alcohol such as 
methanol or ethanol, in water, or in a mixed solvent thereof, at a 
temperature from room temperature to the reflux temperature of the 
solvent, in the presence or in the absence of an acid such as 
hydrochloric acid, acetic acid or formic acid, or ammonium formate, 
cyclohexene, cyclohexadiene or the like, using a metal catalyst 
such as palladium carbon of Perlman's reagent, at ordinary 
pressure or under a pressure of 200 kg/cm 2 . The deprotecting 
reaction using an acid may be carried out in a solvent, for 
example, an alcohol such as methanol or ethanol, methylene 
chloride, 1,2-dichloroethane, 1,4-dioxane, tetrahydrofuran, 
toluene or N,H-dimethylfonnamide, in the presence or in the 
absence of a cation scavenger such as anisole or thioanisole, 
using an acid such as hydrochloric acid, sulfuric acid, 
trifluor acetic acid or trifluoromethanesulf onic acid, at a 
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temperature from 0°C t the reflux temperature of the solvent. 

As a eleventh synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 3 is a saturated nitr gen- 
containing heterocyclic group having an ethylenedioxy group as a 
substituent, is reacted using an acid such as hydrochloric acid, 
hydrogen chloride /ethyl acetate solution, hydrogen 
chloride /ethanol solution, sulfuric acid, hydrobromic acid, 
trifluoroacetic acid, p-toluenesulfonic acid, formic acid or 
acetic acid, in the presence or in the absence of a solvent such 
as ethyl acetate, methylene chloride, 1,4-dioxane, tetrahydrofuran, 
methanol, ethanol, n-propanol or N,N-dimethylformamide, or an 
aqueous solvent thereof, at a temperature from 0°C to 200°C, to 
obtain a compound of general formula (I) wherein R 3 is a saturated 
nitrogen-containing heterocyclic group having an oxo group as a 
substituent. 

As a twelfth synthesis process for the invention compounds, a 
compound of general formula (I) wherein R 3 is a saturated nitrogen- 
containing heterocyclic group having an oxo group as a substituent, 
obtained by the eleventh synthesis process, may be reacted with a 
compound represented by the following general formula (XVIII): 

R 7 -0-NH 2 (XVIII) 
where R 7 represents hydrogen or an alkyl group, 

in the presence or in the absence of a base such as triethylamine , 
diisopropylethylamine, sodium carbonate, potassium carbonate, 
sodium bicarbonate or sodium acetate, in a solvent which is an 
alcohol such as methanol, ethanol or n-propanol or N-N- 
dimethylf ormamide , 1,4-dioxane, tetrahydrofuran or toluene, at a 
temperature from 0°C to the reflux temperature of the solvent, to 
obtain a compound of general formula (I) wherein R 3 is a saturated 
nitrogen-containing heterocyclic group having a hydroxyimino or 
alkoxyimino group as a substituent. 

As a thirteenth synthesis process for the invention compounds, 
a compound of general formula (I) wherein R 2 is a chlorine atom may 
be subjected to catalytic reduction with a metal catalyst such as 
platinum or palladium carbon in the presence or in the absence of 
an acid such as hydrochloric acid or acetic acid, in an alcohol 
solvent such as methanol or ethanol or an aqueous solvent thereof, 
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under ordinary pressure and at a temperature from room temperature 
to the reflux temperature of the solvent, t obtain a comp und of 
general formula (I) wherein R 2 is hydrogen. 

As a fourteenth synthesis process for the invention compounds, 
a compound of general formula (I) wherein R 3 is a saturated 
nitrogen-containing heterocyclic group having no protecting groups 
on nitrogen atoms not bonded to the adjacent (CH 2 ) n group, may be 
reacted using an appropriate reagent to obtain a compound of 
general formula (I) wherein R 3 is a saturated nitrogen-containing 
heterocyclic group having an appropriate substituent on a nitrogen 
atom not bonded to the adjacent (CH 2 ) D group. 

The reaction may be carried out in the presence or in the 
absence of a solvent such as N,N-dimethylformamide, methylene 
chloride, tetrahydrofuran, toluene, pyridine, nitrobenzene, 1,2- 
dichloroethane, 1,4-dioxane, methanol, ethanol, n-propanol, water, 
or a mixed solvent thereof, and in the presence or in the absence 
of a base such as triethylamine or potassium carbonate, at a 
temperature from 0°C to 200°C. 

As examples of appropriate reagents there may be mentioned 
alkyl halides, triphenylmethyl chloride, benzyl chloride, 
benzhydryl chloride, formic acid/formalin mixture, acetyl chloride, 
acetic anhydride, trifluoroacetic anhydride, benzoyl chloride, 
benzyl chlorocarbonate, ethyl chlorocarbonate, di-tert-butyl 
dicarbonate, sodium cyanate, alkyl isocyanate, sodium thiocyanate, 
alkyl isothiocyanate, IH-pyrazole-l-carboxamidine, methanesulf onyl 
chloride, p-toluenesulfonyl chloride, p-fluorobenzenesulfonyl 
chloride, ur ethane, alky lur ethane , thiourethane and 
alkylthiourethane . 

As a fifteenth synthesis process for the invention compounds, 
a compound of general formula (I) wherein R 3 is a saturated 
nitrogen-containing heterocyclic group having an alkyl group or 
benzyl group as a substituent on a nitrogen atom not bonded to the 
adjacent (CH 2 ) a group, may be reacted with alkyl chlorocarbonate or 
benzyl chlorocarbonate in the presence or in the absence of a 
solvent such as methylene chloride or toluene, and in the presence 
or in the absence of a base such as triethylamine or potassium 
carbonate, at a temperature from 0°C t 200°C, t obtain a 



20 



compound of general formula (I) wherein R 3 is a saturated nitrogen* 
c ntaining heterocyclic group having an alkoxycarbonyl group or 
benzyloxycarbonyl group as a substituent on a nitrogen atom not 
bonded to the adjacent (CH 2 ) n group. 

Some of the compounds represented by general formulas (III) to 
(VIII) that serve as starting materials or intermediates in the 
production processes for the invention compounds are publicly 
known compounds, and are disclosed for example in Journal of 
Medicinal Chemistry, Vol.18, p. 726 (1975), Vol.33, p. 1880 (1990) 
and Vol.40, p. 1779 (1997), in International Patent Publication No. 
WO97/20820 and in European Patent Publication No. 223124 (1987), 
and may be produced by the processes described therein. 
Production processes for some novel compounds are also described 
as reference examples. 

Drugs containing as effective ingredients the novel 1H- 
imidazopyridine derivatives represented by the aforementioned 
general formulas (I) and (II) that are produced in this manner, or 
their salts, are usually administered as oral preparations such as 
capsules, tablets, fine particles, granules, powders, syrups, dry 
syrups or the like, or as parenteral preparations such as 
injections, suppositories, eyedrops, ophthalmic ointments, 
eardrops, dermatological agents, inhalants or the like. These 
preparations may be produced by a common method with inclusion of 
pharmacologically and pharmaceutical^ acceptable additives. For 
example, in the case of oral preparations and suppositories there 
may be used such formulating components such as excipients 
(lactose, D-mannitol, corn starch, crystal cellulose, etc.), 
disintegrating agents (carboxymethylcellulose, 
carboxymethylcellulose calcium, etc.), binders 
(hydroxypropylcellulose, hydroxypropylmethyl cellulose, 
polyvinylpyrrolidone, etc.), lubricants (magnesium s tear ate, talc, 
etc.), coating agents (hydroxypropylmethyl cellulose, saccharose, 
titanium oxide, etc.), bases (polyethylene glycol, hard fat, 
etc.); in the case of injections, eyedrops and eardrops there may 
be used such formulating components as dissolving agents or 
dissolving aids that are either aqueous or can form solutions at 
the time of use (distilled water for injection, physiological 
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saline, propylene glycol, etc.)/ PH adjusters (inorganic or 
organic acids or bases), isotonizing agents (salt, glue se, 
glycerin, etc.), stabilizers and the like; and in the case of 
ophthalmic ointments and dermatological agents there may be used 
such appropriate formulating components as ointments, creams and 
skin patches (white vaseline, macrogol, glycerin, cotton cloth, 
etc • ) . 

The dosage of any of the compounds for a patient being treated 
will differ on the symptoms of the patient, but for healthy adults 
the daily administration dosage may be about 0.1-1000 mg for oral 
administration and about 0.01-500 mg for parenteral administration 
per day, either once or in divided doses. The dosage is, of 
course, preferably adjusted as appropriate depending on the 
purpose of treatment or prevention, the site and nature of the 
disease and the age and symptoms of the patient. 

(Examples not translated) 

The following are test results for the inhibiting effect on 
TNF-a production and the inhibiting effect on IL-lfl production in 

human cells, as demonstrations of the excellent effect of the 
compounds of the invention. 

1. Preparation of blood cells for culturina 

Whole blood in an amount of about 50 ml was taken by 
intravenous penetration from a healthy adult volunteer into a 
plastic test tube containing 170 jul of Novo Heparin Injection 1000 
(Novo Nordisk A/S). Peripheral Blood Mononuclear Cells (PBMC) 
were prepared from this blood with a LeucoPREP™ (Becton Dickinson) 
cell separation tube, and the cells were cultured to a cell 
density of 1 x 10* cells/ml in RPMI-1640 medium (Nissui Seiyaku, 
KK.) containing 2 mM L-glutamine (Life Technologies) and 2.5 U/ml 
penicillin-2 . 5 pg/ml streptomycin solution (Life Technologies), 
with addition of 10% fetal calf serum (Intergen Company). 

2. Preparation of test compound 

The test compound of interest was dissolved in sterilized 
ultrapurified water, dimethylsulf oxide or 0.1 N hydr chloric acid 
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to a concentration of 20 ;/M, and used after serial dilution with 
physiological saline. The compound was tested in a concentration 
range of 1 0" 10 M to 10~ 5 H. 

3. Drug treatment of cells 

After adding 180 pil of PBMC in the aforementioned medium into 
a 96-well (flat-bottom) MicroTest III d1 tissue culture plate 
(Becton Dickinson) , 10 jil of 1 //g/ml lipopolysaccharide (LPS) was 
added. After 30 minutes , 10 ^1 of the test compound solution or 
solvent was added into each well, the plate was covered with a 
plastic lid, and the cells were incubated at 37 °C for 16 hours in 
a 5% carbon dioxide atmosphere* 

4. Quant Itafcion of hnma^ TNF-rc a^ frnnia^ TT r 1R 

An enzyme immunoassay system was constructed according to the 
sandwich method to quantify the human TNF-a and human IL-lfi in the 

culture supernatants . Diluted anti -cytokine antibody (primary 
antibody) was introduced into the 96-well microtiter plate as a 
coating. After washing the wells , the culture supernatants were 
appropriately diluted and placed in the wells for incubation. 
Next r secondary antibody for the cytokines and tertiary antibody 
for the secondary antibody were introduced in that order, with a 
washing step between each introduction. After the final washing, 
tetramethylbenzine solution (DAKO) was introduced into each well 
to initiate a coloring reaction. After suspending the coloring 
reaction with 1 N sulfuric acid, the absorption of each well at 
450 nm was measured with an M-Vtoax™ microplate reader (Molecular 
Devices ) • The cytokine concentration was determined by comparison 
with a calibration curve for standard recombinant cytokine using 
the quantitation software Softmax™ (Molecular Devices). The human 
TNF-a was quantified using monoclonal anti-human TNF-a (ENDOGEN) , 

polyclonal rabbit anti-human TNF-a (Pharma Biotechnologie 
Hannover), peroxidase-conjugated donkey anti-rabbit IgG (Jackson 
Immuno Res. Labs.) and recombinant human TNF-a ( INTERGEN ) as the 

primary, secondary and tertiary antibody and the calibration curve 
standard, respectively. The human IL-lfi was quantified using 
mon clonal anti-human IL-lfi (Cistron), polyclonal sheep anti-human 
IL-lfi (Biogenesis), HRP -conjugated donkey anti-goat IgG (Chemicon 
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International) and recombinant human IL-lfl (R&D Systems) as the 
primary, secondary and tertiary antibody and the calibration curve 
standard , respectively . 

The activity of each test compound for both the TNF- a and IL- 
lfl was expressed as a percent (%) of the cytokine induction upon 
treatment with LPS and the test compound , divided by the cytokine 
induction upon treatment with LPS alone. 

The results are shown in Tables 1 and 2. 



Table 1 Inhibiting effect on TNF- a production in human cells 



Compound 


Dose concentration (ymol) 


0.001 


0.01 


0.10 


1.0 


10 


Example 89 


91 


86 


90 


84 


17 


Example 110 


80 


77 


26 


1 


0 


Example 113 


68 


81 


86 


69 


29 


Example 117 


117 


77 


71 


24 


0 


Example 118 


79 


91 


88 


51 


3 


Example 121 


81 


91 


49 


0 


0 



Table 2 Inhibiting effect on IL-lfl production in human cells 



Chemical 
compound 


Dose concentration (laaol) 


0.001 


0.01 


0.10 


1.0 


10 


Example 89 


112 


102 


96 


63 


0 


Example 110 


119 


105 


85 


64 


14 


Example 113 


104 


109 


116 


96 


30 


Example 117 


119 


106 


111 


72 


8 


Example 118 


96 


106 


102 


59 


0 


Example 121 


102 


108 


87 


24 


0 



These results demonstrate that the compounds of the invention 
exhibit an excellent inhibiting effect on production of TNF and 
IL-1. 

Industrtcq j^ppUcabUity 

The compounds of the invention exhibit an excellent inhibiting 
effect on production of TNF and IL-1, and are therefore highly 
useful for the prevention or treatment of diseases attributed to 
these cytokines. 
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CLAIMS 



1. A lH-imidazopyridine derivative represented by the 
following general formula: 




where R 1 represents a hydrogen atom, a hydroxy 1 group , an alkyl 
group with one or more optional substituents , a cycloalkyl group 
with an optional substituent, a styryl group with an optional 
substituent or an aryl group with one or more optional 
substituents; R 2 represents a hydrogen atom, an alkyl group, a 
halogen atom, a hydroxyl group, an amino group with one or two 
optional substituents, a cyclic amino group with an optional 
substituent or a phenoxy group with an optional substituent; the A 
ring represents a homocyclic or heterocyclic ring optionally 
substituted with one or more alkyl groups, alkoxy groups or 
halogen atoms; R 3 represents a saturated nitrogen-containing 
heterocyclic group with an optional substituent; and m represents 
an integer of 0-3, with the proviso that when R 3 is an 
unsubstituted piperidino group, either or both R 1 and R 2 are not 
hydrogen atoms, 
or a salt thereof. 

2. A IH-imi dazopyridine derivative represented by the 
following general formula: v 



where R 1 represents a hydrogen atom, a hydroxyl group, an alkyl 
group with one or more optional substituents, a cycloalkyl group 
with an optional substituent, a styryl group with an optional 
substituent or an aryl group with one or more optional 
substituents; R 2 represents a hydrogen atom, an alkyl group, a 
halogen atom, a hydroxyl group, an amino group with one or two 
optional substituents, a cyclic amino group with an optional 
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substituent or a phenoxy gr up with an optional substituent; the A 
ring represents a homocyclic or heterocyclic ring optionally 
substituted with one or more alkyl groups, alk xy groups or 
halogen atoms; m represents an integer of 0-3; R 4 represents a 
hydrogen atom, an alkyl group, a benzyl group, a triphenylmethyl 
group, an alkanoyl group with an optional substituent, an 
alkoxycarbonyl group, a benzyloxycarbonyl group, a thiocarbamoyl 
group with an optional substituent, an alkanesulfonyl group, a 
benzenesulfonyl group with an optional substituent or an amidino 
group; Y represents a methylene group, an oxygen, sulfur or 
nitrogen atom, the group NH or a bond; and n represents an integer 
of 0-2, 

or a salt thereof. 

3. A compound or its salt according to claim 1 or 2, wherein 
the A ring is a benzene ring or thiophene ring. 

4. A drug containing as an effective ingredient a 1H- 
imidazopyridine derivative according to claim 1 or 2, or a 
pharmacologically acceptable salt thereof. 

5. A drug according to claim 4, which is used for prevention 
or treatment of cytokine-mediated diseases. 
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